and Table S2 at http:// X-ray crystal structure of CP has inspired a model www.current-biology.com/cgi/content/full/13/17/ where the C termini ‫03ف(‬ amino acids) of the ␣ and ␤ 1531/DC1). subunits of CP are mobile extensions ("tentacles"), Next, we asked what contribution do the individual and these regions are responsible for high-affinity tentacles provide to the capping interaction? We conbinding to, and functional capping of, the barbed end structed the single tentacle deletion mutants miss-[4]. We tested the tentacle model in vitro with recombiing the proposed tentacle of either the ␣ subunit, nant mutant CPs. Loss of both tentacles causes a CP␣(⌬C28)␤, or the ␤ subunit, CP␣␤(⌬C34) (see Supplecomplete loss of capping activity. The ␣ tentacle conmental Figure S1 ). tributes more to capping affinity and kinetics; its reCompared to wt CP ( Figure 1A) , both of the single moval reduces capping affinity by 5000-fold and the tentacle deletion mutants weakly inhibited barbed end on-rate of capping by 20-fold. In contrast, removal of assembly. CP␣(⌬C28)␤ ( Figure 1D ) was significantly the ␤ tentacle reduced the affinity by only 300-fold and weaker than CP␣␤(⌬C34) ( Figure 1E ). In steady-state did not affect the on-rate. These two regions are not assays, addition of CP␣(⌬C28)␤ (Ͼ7 M) caused the close to each other in the three-dimensional structure, apparent critical concentration to increase indefinitely suggesting CP uses two independent actin binding over that of the pointed end, suggesting sequestration tentacles to cap the barbed end. CP with either tentaof actin monomers ( Figure 1C) . CP␣␤(⌬C34) displayed cle alone can cap, as can the isolated ␤ tentacle alone, capping activity in steady-state assays (the apparent suggesting that the individual tentacles interact with critical concentration plateaued at that of the pointed more than one actin subunit at a subunit interface at end) but not monomer binding activity ( Figure 1C) . Inthe barbed end.
Figure 1. Actin Assembly Assays with Tentacle Deletion Mutants

Pyrene actin fluorescence is plotted in all panels. Panels (A), (B), (D), and (E) show inhibition of actin polymerization from barbed ends (nucleated by spectrin-F-actin seeds, SAS) with [CP] as indicated. (A) wt CP, (B) CP(␣⌬C28/␤⌬C34), (D) CP␣(⌬C28)␤, and (E) CP␣␤(⌬C34)
). The monomer binding K mon (11 Ϯ 1.2 M) and rate constants 11 Ϯ 1.4 M ( Table 1) . The results from the critical concentration experiment were also well fit by a model with were very similar to those for wt CP (Table 1) . Critical concentration experiment data were also well fit by a capping and monomer binding activities (data not shown), giving similar values for K cap and K mon , 0.08 nM model with capping and monomer binding activities (data not shown), giving K cap and K mon values similar to and 8.6 M, respectively.
For CP␣(⌬C28)␤, modeling of seeded assembly data those from the seeded assembly experiments, 320 nM and 10 M, respectively. also gave excellent fits using a model with both capping and monomer binding (red lines, Figure 1D ). The capping For CP␣␤(⌬C34), the seeded assembly data gave good fits with a capping model (red lines, Figure 1E ). on-rate (k ϩcap ) was 0.33
, ‫-02ف‬fold reduced compared to wt CP, and the off-rate (k Ϫcap ) was 0.24 Ϯ The on-rate constant for capping was 7.1 Ϯ 0.4 M Ϫ1 s Ϫ1 , close to wt CP, and the off-rate constant was 0.21 Ϯ (Figure 2A ) with a ‫-03ف‬fold decreased K cap value, based largely on an increased off-rate constant ( (Figure 1C , or it may be important for the structure of the ␣ tentacle, Table 1 ). In an actin filament depolymerization assay for or both. In the crystal structure, the ␣ tentacle is folded barbed end capping, both CP␣␤(⌬C34) and CP␣(⌬C28)␤ down, lying on the top surface of the body of the protein inhibited depolymerization at concentrations in the 100-(see Supplemental Figure S1A at http://www.current-500 nM and 500-3000 nM ranges, respectively (data not biology.com/cgi/content/full/13/17/1531/DC1). W271 is shown).
part of that contact site, oriented downwards and mak-A slightly shorter ␤ tentacle deletion mutant, ing hydrophobic contacts with the body of the hetero-CP␣␤(⌬C28) (see Supplemental Figure S1A at http:// dimer [4] . Additional information about the active conforwww.current-biology.com/cgi/content/full/13/17/ mation of the ␣ tentacle and how the ␣ tentacle contacts 1531/DC1), inhibited barbed end seeded polymerizaactin will be required to assess the relative importance tion, with higher activity than CP␣␤(⌬C34), and disof these two possible roles for W271. played capping activity in steady-state critical concenAt the base of the ␣ tentacle, where it joins the body tration assays and depolymerization assays (data not of the protein, is another highly conserved residue, R259 shown). A capping model gave good fits, with the on-(see Supplemental Figure S1A ). An R259A mutant, rate constant near the wt CP value and the off-rate CP(␣R259A)␤, inhibited seeded actin assembly with a constant increased ‫-04ف‬fold, giving a ‫-03ف‬fold weaker ‫-03ف‬fold reduced K cap ( Figure 2C ). Actin critical concen-K cap (Table 1) . tration assays gave similar values for K cap ( Figure 2B , From these results, CP does appear to use two inde- Table 1 ). Similarly to the ␣ tentacle deletion mutant, pendent C-terminal tentacles to cap the barbed end.
CP(␣R259A)␤ showed a ‫-02ف‬fold decreased on-rate for How might the individual tentacles bind to the barbed its association with the filament end while its off-rate end of the actin filament? Both tentacles have an amphiconstant was essentially normal ( Table 1 ). The R259 side pathic ␣ helix (see Supplemental Figure S1A ). In several chain protrudes downwards, apparently making several other actin binding proteins, including gelsolin family ionic and hydrogen bonded interactions with residues proteins [8] and vitamin D binding protein [9] , an ␣ helix in the body of the protein (Y107, E221, and N222 of the with a patch of hydrophobic/apolar residues contributes ␤ subunit [4] ). Thus, R259 may function as a structural greatly to actin binding; the hydrophobic residues con-"pivot point" that influences the orientation or motact hydrophobic areas on the surface of actin. In the bility of the ␣ tentacle and thus affects actin binding in-CP ␣ tentacle, W271 is a highly conserved residue on directly [4] . the hydrophobic side of that helix. A W271R mutant, The ␤ tentacle also contains an amphipathic ␣ helix (see Supplemental Figure S1A at http://www.current-CP(␣W271R)␤, inhibited seeded barbed end assembly Figure 2D ) with a ‫-02ف‬ fold reduced K cap , largely due to an increased off-rate remarkable result that peptides corresponding to the C-terminal 34 of the ␤ subunit alone are sufficient to constant (Table 1) , and showed capping activity in critical concentration assays ( Figure 2B ). In the crystal struccap the barbed end. Weak capping activity was observed with both a GST fusion protein (GST-␤C34) and ture, the ␤ tentacle protrudes from the body of the protein (see Supplemental Movie S1), so L262 is a candidate a synthetic peptide (␤C34 peptide) in barbed end seeded assembly assays ( Figures 3A and 3B, respectively) . The for direct binding to actin. Another highly conserved residue in the ␤ tentacle is R244. This residue is found K cap values were reduced ‫-003ف‬ and ‫-0005ف‬fold for GST-␤C34 and ␤C34 peptide, respectively, compared in an analogous position to R259 in the ␣ subunit. R244 lies at the base of the loop region that links the to wt CP (Table 1 ). In steady-state assays, GST-␤C34 increased the apparent critical concentration with a pla-C-terminal helix and the rest of the ␤ tentacle to the body of the molecule (see Supplemental Figure S1A ). teau at the pointed end critical concentration, confirming barbed end capping ( Figure 3C , Table 1 ), while high R244 also makes ionic and hydrogen bonded contacts with residues in the body of the protein (Y131, Y136, concentrations of ␤C34 peptide, Ͼ50 M, increased the apparent critical concentration over that of the pointed N237, and Q240 of the ␣ subunit [4] ). This residue may function as a "pivot point" for the ␤ tentacle, influencing end, suggesting very weak actin monomer sequestration ( Figure 3C ). Both GST-␤C34 and the ␤C34 peptide its mobility. However, the R244A mutant, CP␣␤(R244A), was essentially indistinguishable from wt CP in SAS inhibited actin filament depolymerization, but with much reduced activity compared to wt ( Figures 3D, 3E , and assembly assays and in steady-state assays (Table 1) . R244 may structurally define the base of the ␤ tentacle, 3F, respectively). We also tested a shorter peptide, both as a GST-fusion and free synthetic peptide, correspondent roles in functionally capping the barbed end. Removal of only the ␣ tentacle produced a much larger ing to the C-terminal 28 amino acids of the ␤ subunit in similar assays (data not shown). Both species exhibited reduction in capping affinity than did removal of only the ␤ tentacle. In addition, the capping on-rates for the barbed end capping activity with similar activities to the longer peptide (Table 1) .
␣ tentacle deletion and the ␣ R259A mutation of the proposed "pivot point" were decreased ‫-02ف‬fold comOur results indicate that the two tentacles play differ- In conclusion, CP does appear to use two independent actin binding tentacles to cap the barbed end. The ␣ tentacle is more important than the ␤. CP with either single tentacle can cap, suggesting that the individual tentacles interact with more than one actin subunit at a subunit-interface at the barbed end.
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